Recently, products of chemical reaction have been at issue as the topic of research on Indoor Air Quality. In this study, the emission mechanism of 2-ethyl-1-hexanol (2E1H) is studied. It has been reported that 2E1H at high concentrations is measured in indoor air over the long term. The emission mechanism for 2E1H is considered that water with high pH in concrete slabs and self-leveling sub-floor material reacts to di-2-ethylhexyl phthalate (DEHP) in PVC flooring and compounds containing the 2-ethyl-1-hexyl group in the adhesive. It is important to clarify the 2E1H emission mechanism for IAQ, because 2E1H is the cause of indoor odor and sick building syndrome. In this study, PVC floorings are attached using various adhesives to a self-leveling sub-floor material that contains water, and their 2E1H emission rates are measured. Furthermore, the components of the adhesives are analyzed using chemical analysis. It is found that the 2E1H emission rate from the floor is affected by the type of adhesive. On the other hand, some components in the adhesives may suppress the hydrolysis of esters. The hydrolysis of polymers and residual monomers in the adhesive causes 2E1H emission from the adhesive.
INTRODUCTION
Recently, it has been reported that sick building syndrome can be caused by exposure to airborne chemicals when chemicals are emitted from building materials, for example formaldehyde, even at low concentrations (Kamijima et al. 2002) . Sometimes high concentrations of some chemicals, which are not used in the building materials, are measured in indoor air. Chemical reactions between indoor pollutants, for example between ozone and terpene, were sometimes observed. Hydrolysis of esters was also observed (Kamijima et al. 2002 , Reiser et al. 2002 , Wolkoff et al. 2000 Weschler 2004 ). In this study, the emission mechanism for 2-ethyl-1-hexanol (2E1H) is studied. Indoor air pollution attributable to 2E1H occurred not only in Europe but also in Japan (Kamijima et al. 2002) . It has been reported that 2E1H has been measured at high concentrations in indoor air over the long term. 2E1H is primarily emitted from the floor. It is known that 2E1H is emitted from polyvinyl chloride (PVC) building materials. PVC materials include di-2-ethylhexyl phthalate (DEHP) as a plasticizer. DEHP is an ester, and is the reaction product between 2E1H and phthalic acid. The cause of 2E1H emission from PVC material is oxidation of DEHP and unreacted 2E1H in industrial-quality DEHP. The hydrolytic degradation of esters yields alcohols and acids under acidic or alkaline conditions. DEHP included in the PVC flooring material is hydrolyzed under alkaline conditions derived from the concrete slabs and self-leveling sub-flooring material (SL material), which contain cement ( Figure 1 ). 2E1H is emitted from water-damaged flooring and the insufficient drying of the flooring (Bjorka et al. , Jarenstrom et al. 2006 ). In addition, the emission of 2E1H is considered to result from water with a high pH value in concrete slabs and self-leveling sub-flooring material reacting to compounds containing the 2-ethyl-1-hexyl group in their adhesive, for example 2-ethylhexyl-acrylate. Alexanderson measured the relative humidity under the flooring with an RH-probe and measured emissions from the flooring using the Field and Laboratory Emission Cell (FLEC) (Alexanderson 2004) . It was shown that 2E1H emission concentration increases as the amount of moisture in the concrete rises. This author measured the water vapor adsorption isotherm of the same SL material that is used in this study. 2E1H emission rates from PVC floorings constructed on SL material were measured (Nagao et al. 2005) . It was clarified that 2E1H emission rate increased when PVC flooring was attached to moisture-absorbent SL material in which the water content is above 4%. There are few reports on experimentation into 2E1H emissions from chemical reactions involving building materials. Thus, the 2E1H emission mechanism has not been sufficiently clarified. It is important to clarify the 2E1H emission mechanism for IAQ, because 2E1H is the cause of indoor odors and sick building syndrome (Kamijima et al. 2002) . The aim of this study is to clarify the conditions and mechanism behind 2E1H emission. In this study, PVC floorings are attached using various adhesives to SL material that contains water, and their 2E1H emission rates are measured. In addition, the components of the adhesives are analyzed using chemical analysis.
METHOD OF EXPERIMENT Materials
The PVC flooring used was approximately 2-mm thick sheeting. The PVC flooring material includes about 25 wt% DEHP. The self-leveling sub-flooring material (SL material) was based on a gypsum and powder material. It was mixed with water to form a slurry. This slurry had a pH of 12. SL material was poured into a laboratory dish (diameter: 90 mm / depth: 20 mm) and cured in a desiccator. The air temperature and relative humidity within were maintained at 28ºC and 50% RH. The water content of the SL material was obtained from the weight of the sample in the preliminary experiment. After 16 hours, the water content of SL material poured into the laboratory dish was 11%. After 7 days, the water content had reduced to 4%. Incidentally, the manufacturer of SL material recommended a curing time of 1 week when pouring this SL material up to 20 mm thick. Also, the SL material poured into the dish hardened after about 4 hours. The adhesives used for the floor coverings (Table 1 ) included 5 kinds of acrylic emulsion adhesives (Adhesives A~E) and a rubber latex adhesive (Adhesive F). According to the Material Safety Data Sheet (MSDS) for Adhesive B, it includes rubber latex. Adhesive C is designed to allow the PVC flooring to be easily stripped from the floor. and a relative humidity of 50%. Clean air was provided using an oil-free compressor and mass flow controller through silica gel as a drying agent and activated carbon for VOC absorption. Some of the dried air was passed through pure water for humidification.
Emission test cell

Figure 2. Emission test cell
Chemical analysis for emission tests 2E1H and other VOCs were measured by sampling 0.5~2.1 L (sampling rate: 0.07 L/min) of air onto Tenax TA absorbent, with the analysis performed by thermal desorption combined with gas chromatography and a mass spectrometer (GC/MS). The conditions for the thermal desorption combined with GC/MS are shown in Table 2 . 
Emission measurement for adhesives
The adhesives were applied to the glass plate and 2E1H and other VOC emissions were measured.
Emission measurement for PVC flooring attached to high-water-content SL material PVC floorings are attached to SL material containing water, and their 2E1H emission rates were measured. The adhesive was applied to SL material (water content: 11%) and cured for 15 minutes in a desiccator. Adhesives A, B and F were used in the cases shown in Table 3 . After curing the adhesive in a desiccator, the PVC flooring was placed on SL material. The sides of the PVC flooring and the laboratory dish into which SL material was poured were sealed with aluminum adhesive tape. Pyrolysis gas chromatography analysis of polymers in the adhesives Alcohols are included in the esters of the resin in the adhesives. If 2E1H was identified in the esters of the adhesives, it could be gathered that the hydrolysis of chemicals in the adhesives caused 2E1H emission. Alcohols were identified by pyrolysis gas chromatography. In addition, the products by thermal analysis identified the polymers in the adhesives.
The adhesives were applied to aluminum foil. They were dried at room temperature for 24 hours. The dried adhesives were analyzed using pyrolysis gas chromatography involving the multi-step pyrolysis (double-shot) analysis method (Herrera et al. 2003) . First, the method analyzed volatile substances in the polymer by low temperature thermal desorption. Then this method pyrolyzed the remaining polymer substrate at 600ºC.
Gas chromatography analysis of monomeric substances in the adhesives
It is considered that the hydrolysis of polymers and residual monomers in the adhesive caused the 2E1H emissions from the adhesive. Residual monomers and other monomeric substances were identified by chemical analysis. To 1 g of the adhesive was added internal standard substance and ethanol. It is extracted using ultrasonic waves, and refined by centrifugal separation. It is measured by GC/MS. Targets for substance identification were 2-ethylhexyl acrylate (2EHA), 2-ethylhexyl methacrylate (EHMA), and 2-ethylhexyl acetate. Additional targets for substance identification were acrylic acid, methacrylic acid, acetic acid, and 2E1H, which were the decomposed resultant substances from the esters.
Verification experiment into hydrolysis of polymers in the adhesive
The suggestion that 2E1H is formed by the hydrolysis of the polymers in adhesives was confirmed. Verification experiments on the hydrolysis of polymers in the adhesives were performed. About 10 g of the adhesive was cleaned in ethanol using ultrasonic waves, and only the resin was refined by centrifugal separation. 20 mL of aqueous ammonia was added to the resin, and the mix was agitated with a magnetic stirrer for 2 days. The solution was taken out after 2 days, internal standard substance was added, followed by its conversion to a fixed volume in ethanol. The quantity of 2E1H in this solution was determined using GC/MS. The solution was taken out as soon as the aqueous ammonia was added to the resin, and 2E1H quantity similarly measured.
RESULTS AND DISCUSSIONS
Emission measurements from adhesives for floor coverings 2E1H emission rates from Adhesives A~F applied to the glass plate are shown in Table 4 . The total ion chromatogram (TIC) for the measurement results is shown in Figure 3 . 2E1H was emitted from Adhesives A, C and E, but was not detected from Adhesives B, D and E. In addition, 2-ethylhexyl acetate and 2-ethylhexyl acrylate were emitted from Adhesive A. These were esters caused by the 2E1H emission by hydrolysis. It is considered that 2E1H was included in some adhesives because it was used to synthesize polymers and the solvent. days, demonstrating a decrease with age. 2E1H emission rates against time for PVC flooring attached to SL material (Case 1~3) are shown in Figure 4 . 2E1H emission rate increased with time after 3 weeks in Case 1. 2E1H emission rate from Case 1 was higher than from PVC flooring alone, indicating that 2E1H is generated by hydrolysis of DEHP in PVC flooring and emitted as a concentration gradient in the building materials. Adhesive B doesn't emit 2E1H, but 2E1H emission rate increased in Case 2 (which used Adhesive B). Also, the emission rate in Case B is lower than in Case 1, while it hardly increased in Case 3. Adhesives B and F included rubber latex, which is a hydrophobic material. Some component in the adhesives (for example the rubber latex) may suppress the hydrolysis of esters in PVC flooring and adhesives because it keeps the PVC flooring from coming into contact with water. Pyrolysis gas chromatography analysis of polymers in the adhesives Alcohols used for the esters that were identified using pyrolysis gas chromatography are shown in Table 5 . All adhesives contained esters that used 2E1H. It is considered that Adhesive B and Adhesive D had styrene-butadiene rubber added. 
Gas chromatography analysis of monomeric substances in the adhesives
The results of the quantitative analysis of 2-ethylhexyl ester monomers and the decomposed resultant substances from the polymers and the main monomeric substances are shown in Table 6 . All adhesives contained 2E1H. 
Verification experiment for hydrolysis of polymers in the adhesives
The results of the experiments are shown in Table 7 . The quantities of 2E1H were under the quantitative lower limit value (1 mg/g), but for reference purposes, the quantity of 2E1H in the solution of Adhesive A taken out after 2 days is 0.37 mg/g. Furthermore, the quantity of 2E1H in the solution of Adhesive C is 0.34 mg/g. This is likely to indicate hydrolysis of the resin in Adhesives A and C. 2E1H emission rates from PVC flooring attached to the SL material with Adhesive A increased with time. The effect on the hydrolysis of the adhesive component is also considered as a cause of 2E1H emission. 
CONCLUSIONS
PVC floorings were attached using various adhesives to SL material that contains water and their 2E1H emission rates were measured.
• 2E1H was included in some adhesives because it is used to synthesize certain polymers and the solvent. Hydrolysis of the resin in the adhesives was also apparent. 2E1H emission from the adhesives was caused by hydrolysis and the contents of the adhesives. • 2E1H emission rates for PVC floorings constructed on SL materials using adhesives that included rubber latex were low. The components of the adhesives were analyzed using chemical analysis.
• Some adhesive contains 2E1H, and causes 2E1H emission from the floor surface.
•
The hydrolysis of polymers and residual monomers in the adhesive caused 2E1H emission from the adhesive. VOC emissions resulting from chemical reactions can be prevented by not only considering the conditions of the building materials and construction, but also by careful selection from the many building materials available.
